C resonances in NMR spectra is in
Introduction
Thiosemicarbazones (TSCs) are strong chelating ligands for transition metals with a broad spectrum of biological activity.
1,2 α(N)-Heterocyclic TSCs are known as potential antitumor drugs. 3, 4 Triapine (3-aminopyridine-2-carboxaldehyde thiosemicarbazone) is the most prominent example of this family of compounds and has been extensively studied as a single agent and in combinations with established drugs in phase I and II clinical trials with mixed results. [5] [6] [7] [8] Triapine and other related TSCs, as well as their metal complexes, are known as strong inhibitors of ribonucleotide reductase (RNR), an important enzyme promoting the coordination geometry of some copper(II) TSCs is likely the biologically active configuration in Topo-II inhibition via an ATP binding site-based mechanism. 16, 17 Reports on thermodynamic stability of the metal complexes of STSC and its derivatives are scarce in the literature, 29 1.422(7), C7a−N1a 1.291(7), N1a−N2a 1.392(6), N2a−C8a 1.336(7), C8a−S1a 1.706(6), C8a−N3a 1.311(6), C15a−O2a 1.193(6), C15a−O3a 1.330(5); O1a−Cu1a−N1a 92.17(17), N1a−Cu1a−S1a 87.26 (13) , S1a−Cu1a−Cl1a 90.44(6), O1a−Cu1a−Cl1a 90.49 (12) .
Solution Chemistry
Proton dissociation processes and lipophilicity. Proton-dissociation processes of (S)-H 2 L (Scheme 2) were followed by pH-potentiometry, UV-vis spectrophotometry and spectrofluorimetry as well as 1 H NMR titrations. Measurements were performed in a 30%
(w/w) DMSO/H 2 O solvent mixture. Consecutive titrations showed that no ligand decomposition occurred in the pH range studied under the argon atmosphere. Three proton dissociation constants could be determined by different methods (Table 1) and constants obtained are in reasonably good agreement. pK 1 can presumably be attributed to deprotonation of the carboxylic group in (S)-H 3 L + , while pK 2 belongs presumably to the phenolic OH. pK 3 can be related to the proton dissociation of the N 2 -H group of the thiosemicarbazide moiety or proton dissociation of the tertiary Pro nitrogen. Based on the methods used we cannot distinguish these most probably overlapping deprotonation processes. It is worth noting that the magnitudes of pK 1 and pK 3 values, low and high, respectively, hamper their accurate determination by pH-metry as these deprotonation steps take place in the pH ranges where the pH measurements become uncertain. Figure S4 ) were calculated on the basis of deconvolution of the UV-vis spectra. L-Pro-STSC possesses intrinsic fluorescence due to its extended conjugated electronic system (see Figure 3 and inset for 3D fluorescence spectrum), which is a valuable property for e.g. were downfield shifted upon increasing the pH (see Figure S5 ). Further changes were observed at pH > 11 due to the third deprotonation step, but data were not appropriate for calculation of the pK 3 value. We should note here that C 8 H 2 protons are displayed in 1 H NMR spectra as two doublets because of the non-equivalent orientation in space of the two protons. Intensity / a.u. were studied primarily by pH-potentiometry in a 30% (w/w) DMSO/H 2 O solvent mixture.
The complex formation with Fe 3+ and Cu 2+ starts at low pH (pH ~ 2) in the millimolar concentration range, while with Zn 2+ and Fe 2+ only at pH > 4, (see Figure 5 for Fe 2+ ).
Formation of some mixed hydroxido species occurred at basic pH mainly at 1:1.2 metal-toligand ratio, as concluded from the base consumption exceeding the number of dissociable protons in the ligand. The stoichiometries of the metal complexes and the cumulative stability constants furnishing the best fits to the experimental data are listed in Table 2 Table 3 ).
The fitted experimental and individual spectra are depicted in Figure 7 . Figure 7 ). The broader lines observed for the copper(II) complexes of L-Pro-STSC are due to the non-coordinating carboxylate group of the ligand, which leads to a slightly hindered rotation of these complexes in solution. As a consequence, the orientation dependent EPR parameters are not completely averaged out, and the fourth copper line detected in the lower field becomes very broad. Therefore, the simulated spectra, using the equation  MI = +M I +M I 2 for the line width description, showed a systematic deviation from the measured spectra at around 3350 G (Figure 7 ). (R)-1. To a solution of 3-(chloromethyl)-2-hydroxy-5-methylbenzaldehyde (1.95 g, 10.6 mmol) in THF (50 mL) was added under stirring a solution of methyl (R)-pyrrolidine-2-carboxylate hydrochloride (2.51 g, 15.1 mmol) in CH 2 Cl 2 (50 mL). Afterwards, triethylamine (4.5 mL, 30.0 mmol) in THF (14 mL) was added and stirring continued at room temperature overnight. Next day, the reaction mixture was diluted with THF (300 mL) and the precipitate of triethylammonium chloride was filtered off. The solution was freed from solvent and the residue was purified by column chromatography by using as eluent ethyl acetate/hexane 3:7.
The product was dried in vacuo. Yield: 1.14 g, 39%. Anal. 2-Hydroxy-3-methyl-(S)-pyrrolidine-2-carboxylate-5-methylbenzaldehyde thiosemicarbazone (L-Pro-STSC). To a warm solution of the (S)-1 (1.14 g, 4.10 mmol) in ethanol (30 mL) was added a solution of thiosemicarbazide (0.46 g, 5.00 mmol) in hot water (30 mL).
The reaction mixture was heated at 70−75°C with continuous stirring for 75 h. After cooling to room temperature chloroform (100 mL) was added. The aqueous phase was separated and allowed to stand at 5 °C overnight. The protonation constants of the ligands were determined with the computer program SUPERQUAD. 40 
Synthesis of copper(II) complexes
r where M denotes the metal ion and L the completely deprotonated ligand (see SI for details). The calculations were always made from the experimental titration data measured in the absence of any precipitate in solution.
UV-vis spectrophotometric, spectrofluorimetric, CD and 1 H NMR measurements. A Hewlett Packard 8452A diode array spectrophotometer was used to record the UV-vis spectra in the interval 260 -820 nm. The path length was 1 cm. Protonation and stability constants and the individual spectra of the species were calculated by the computer program PSEQUAD. 41 The spectrophotometric titrations were performed on samples of the L-Pro- EPR measurements and deconvolution of the spectra. All CW-EPR spectra were recorded with a BRUKER EleXsys E500 spectrometer (microwave frequency 9.81 GHz, microwave power 10 mW, modulation amplitude 5 G, modulation frequency 100 kHz). During titration, the isotropic EPR spectra were recorded at room temperature in a circulating system. Eleven and ten EPR spectra were recorded for samples with 1:1 and 1:2 Cu recorded under the same instrumental conditions as the room-temperature spectra described above.
The series of room-temperature CW-EPR spectra were simulated simultaneously by the "twodimensional" method using the 2D_EPR program. 43 For each spectrum, the noise-corrected regression parameter (R j for the j th spectrum) is derived from the average square deviation (SQD) between the experimental and the calculated intensities. For the series of spectra, the fit is characterized by the overall regression coefficient R, calculated from the overall average SQD. The details of the statistical analysis were published previously. 44 The anisotropic spectra were analyzed individually with the EPR program, 44 scan width. The data was processed using SAINT software. 45 Crystal data, data collection parameters, and structure refinement details are given in Table 5 . The structure was solved by ]/(n  p)} 1/2 , where n is the number of reflections and p is the total number of parameters refined. 
